Aim: To evaluate the diagnostic accuracy of contrast-enhanced ultrasound (CEUS) as a method for diagnosing pancreatic lesions with regard to the ductal pancreatic carcinoma and the differentiation of neoplastic from non-neoplastic lesions. Material and methods: Relevant studies published by September 6, 2015 were retrieved from PubMed, Embase, and Cochrane Central Trials databases. The articles included were mainly based on the following criteria: use of CEUS as the diagnostic tool, and the use of histology as the reference method. Two independent reviewers inspected all these papers to confirm the matching of the inclusion criteria. One reviewer with methodological expertise extracted the data from the included studies. Sensitivity, specificity and diagnostic odds ratio (DOR) were used to obtain overall estimates. Results: Eighteen studies out of 734 articles initially identified met the inclusion criteria. The primary study objective with respect to ductal adenocarcinoma was verified in 15 studies. The pooled estimate of CEUS sensitivity for the differential diagnosis of duct adenocarcinomas was 0.90 (95 % CI, 0.89-0.92), and the specificity was 0.88 (0.84-0.90). The pooled estimate for DOR was 56.38 (29.91-106.33). The area under the curve under the summary receiver operating characteristic (SROC) was 0.95. 12 out of 18 studies examined CEUS sensitivity and the average specificity with regard to the secondary study objective, distinguishing between neoplastic lesions and non-neoplastic lesions, were 0.95 (0.94-0.96) and 0.83 (0.77-0.87). The pooled estimate for DOR was 73. 25(45.31-118.43). The area under the SROC curve was 0.96. Conclusions: CEUS is a promising, reliable modality for the differential diagnosis of pancreatic adenocarcinoma in patients with pancreatic mass lesions. The presence of a hypoenhanced lesion was a sensitive predictor of pancreatic adenocarcinomas. It seems to be a useful tool in clinical practice.
Introduction
Contrast-enhanced ultrasound (CEUS) of the pancreas has led to great development in the diagnostic capabilities of conventional ultrasound (US) which is usually applied in the initial evaluation of pancreatic diseases. When a pancreatic lesion has been detected, an immediate differential diagnosis is essential to proceed to an appropriate management. Moreover, the detection of an incidental pancreatic lesion at US is a relatively frequent clinical scenario. Ultrasonography is well-known to be the noninvasive imaging modality chosen for the first evaluation of the pancreas. In addition, during the US study, the administration of microbubble contrast media is reported to improve pancreatic solid and cystic lesion characterization. The contrast-enhanced phase is observed after the injection of a intravascular contrast media and the pancreatic tumor vascularization is visible by CEUS. With the help of harmonic microbubble-specific software, the contrast media produces a hyper echoic signal in the regions where the vessels are present, and the non-vascularized tissue remains non-enhancing, thus making a differential diagnosis possible [1] [2] [3] [4] .
In 2008, the European Federation of Societies for Ultrasound in Medicine and Biology (EFSUMB) first included pancreatic applications of CEUS in its guidelines [5] . The role of CEUS for pancreatic evaluation was then underlined in the 2011 EFSUMB guidelines [6] , in which the first recommendation was the characterization of ductal adenocarcinoma (recommendation level: A-1b).
Among the recommendations, the differentiation between pseudocysts and cystic tumors was recommended as level A for the application of CEUS, and the distinction between solid and cystic lesions providing information for the choice of the subsequent imaging modality (i.e. MRI and/or endoscopic US for cystic lesions), resulting in a better management of patients.
With the development of CEUS, a series of well-designed prospective and retrospective studies have been assessed for differentiating pancreatic masses lesions, with the sensitivity ranging from 73% to 100% and specificity ranging from 50% to 100% [3] . Therefore, the main objective of the present study was to perform a meta-analysis of published information to assess the real diagnostic value of pancreatic diseases and its application in the clinical practice.
Research methods

Types of studies
All published articles relevant to CEUS were retrieved from PubMed, Embase, and Cochrane Central Trials databases. The search terms were ("contrast enhanced or contrast enhancement or echo enhanced or contrast imaging"), (ultrasonography or ultrasound or ultrasonography) and (Sonovue or Levovist) with the limit date as September 6, 2015 to identify potentially eligible studies. All references of the retrieved articles were scrutinized to identify any additional articles had not been missed by the former search; if an article had been missed, the search strategy was checked and the search was redone.. Two independent reviewers inspected the retrieved studies to identify those that conformed with the inclusion criteria. Where disagreement occurred, attempts were made to resolve this through discussions after the studies were scrutinized. Contingency numbers of true positives (TPs), false positives (FPs), false negatives (FNs), and true negatives (TNs) were obtained from data to calculate sensitivity and/or specificity. One reviewer with methodological competence independently extracted the data from the included studies. Any disagreements were resolved by discussion and, if any clarification was necessary, the authors of these studies were contacted.
Study selection The inclusion criteria were as follows: 1) the performance imaging method was CEUS in pancreatic diseases and Sonovue or Levovist was the contrast agent used; 2) evaluation by diagnostic clinical trials of the accuracy of CEUS for the differential diagnosis of pancreatic solid masses; 3) use of surgical specimen, positive cytological finding, or core biopsy as the diagnosis reference standard, or a follow-up period of at least 6 months; 4) data were available to construct tables for true-positive, falsepositive, false-negative, and true-negative determinations; 5) articles were English; and 6) outcome measurement were consistent.
The exclusion criteria were the following: 1) without evaluation of solid lesions of the pancreas; 2) lack of useful data for the analysis (no enhancement patterns reported for the diagnosis, therefore sensitivity and specificity could not be obtained); 3) overlap with the selected studies (ie, studies from the same study group, institution, and period of inclusion); 4) reviews, editorials, case reports, and corresponding letters that did not report their own data; and 5) studies were not suitable for the reference standard.
Statistical methods Meta-analysis was performed for the diagnostic accuracy of CEUS by calculating pooled estimates of sensitivity, specificity, and diagnostic odds ratio (DOR) across the studies. Pooling results (included corresponding 95% confidence intervals [CIs]) were conducted by using the fixed effect model (Mantel-Haenszel method) when significant heterogeneity was not present; the random-effects model (DerSimonian-Laird method) was applied in which the weights were the inverse of variance of each single study. The pooled results sensitivity, specificity, and SROC curve were conducted by using Meta-Disc version 1.4 (Unit of Clinical Biostatistics, Ramony Cajal Hospital, Madrid Spain). The Cochrane Q test was used to detect the heterogeneity among studies. When the p values were <0.10 it indicated the presence of heterogeneity. With regard to inconsistency (I 2 ), the percentage of the variability attributable to heterogeneity, >50% was considered significant. [7] [8] [9] [10] .
The pooled DORs were obtained calculating the weighted average using the DerSimonian Laird random effect model. The DORs combined sensitivity and specificity into one measure of diagnostic performance. The value of a DOR equal to 1 meant the method had no ability to discriminate, while the higher the DOR, the better the ability of the test to differentiate subjects with and without the disease of interest.
The summary receiver-operating characteristic (SROC) curve was constructed by using the Moses-Shapiro-Littenberg method to summarize the difference from each study. In addition, the area under the curve (AUC) was calculated, the value ranging from 0.5 to 1.0, when the value closed to 0.5 indicated a poor test while a value of 1.0 indicated a perfect test.
Before performing the statistic analysis , the quality of eligible studies was evaluated with the Quality Assessment of Diagnostic Studies (QUADAS), a tool specially designed for the studies on diagnostic accuracy: the items of QUADA were quantified with "yes", "no", or "unclear" [11] .
Results
Eligible studies and quality assessment
The records identified through Pubmed, Embase and Cochrane databases were 734; after screening of the records, 18 studies fulfilled our eligibility criteria. The process of study selection is shown in fig 1. Data for evaluating the accuracy of CEUS for the differential diagnosis of pancreatic lesions were extracted from these studies. The quality of the eligible studies, assessed according to the QUADAS criteria, is reported in fig 2.
Study characteristics
The main characteristics of the studies included in the analysis are reported in Table I . Thirteen studies were on the subject of diagnosis [12] [13] [14] [15] [16] [17] [20] [21] [23] [24] [25] [27] [28] [29] [30] [32] [33] and 5 studies were concerned with suspicion in the clinical setting [18] [19] 22, 26, 31] . In these studies 2704 patients were enrolled while 2664 were included in the analysis. Nine studies had a prospective design. Sonovue was used in 12 studies (67%) and 6 used the Levovist. 
Assessment of CEUS performance in pancreatic ductal adenocarcinomas characterization
The pooled estimate of CEUS sensitivity in the differential diagnosis of pancreatic adenocarcinomas and other pancreatic focal masses (random-effects model) was 0.90 (95 % CI, 0.89-0.92). The pooled specificity (randomeffect model) was 0.88 (95 % CI, 0.83-0.89). Significant heterogeneity was found in the sensitivity (Cochran Q test = 24.49, degrees of freedom [df] =14, p=0.0399, I 2 =42.8%) and specificity (Cochran Q test =48.35, degrees of freedom [df] =14, p=0.0005, I 2 =63.3%) (fig 3) . The AUC under the SROC was 0. 9488 (fig 4) .
The Pooled estimate of DOR was 56.38 (95%CI, 29.91-106.33). N -number of patients, Uk -unknown, y -years; Prosp -prospective, Retrosp -retrospective, Not spec -not specified, Mono -monocenter, Multi -multicenter, On diagn -on diagnosis, On susp -on suspicion. 
Assessment of CEUS performance in differentiating between neoplastic and non-neoplastic pancreatic lesions
The pooled sensitivity and specificity were 0.95 6) . The Pooled estimates of sensitivity, specificity and DOR are shown in Table II .
Discussions
CEUS was confirmed as a valid imaging modality for the assessment of pancreatic lesions. Compared with other imaging techniques, the advantage of CEUS is the capability to obtain a real-time observation of blood perfusion of the lesion. Due to the fixed time of scanning, CE-CT/MRI has no ability to capture a transient enhancement [2, 14] . CEUS represents a feasible and safe technique to immediately characterize and stage the disease. When a pancreatic tumor has been detected, an immediate and correct differential diagnosis is mandatory to direct appropriate management. This meta-analysis evaluated the capability of CEUS to detect and characterize pancreatic diseases and its possible use in the clinical routine, summarizing the value of CEUS in the diagnosis of pancreatic lesions.
Our primary objective was to evaluate the power of CEUS in characterizing pancreatic ductal adenocarcinoma. As is known from a Pancreatic Multicenter Ultrasound Study (PAMUS), ductal adenocarcinomas are typically hypovascular and with a hypoenhanced mass due to the prominent desmoplasia and fibrosis, and if the typical hypoenhanced pattern of ductal adenocarcinoma is not present, another diagnosis has to be made, such as neuroendocrine lesion and metastases [1, 2, 33] . In this meta-analysis, the overall sensitivity 0. [12] . This meta-analysis was based on observational studies, two different clinical settings (on suspicion, on diagnosis) and two different experimental designs (retrospective, prospective) to summarize the available curve, used for differentiation of pancreatic duct adenocarcinoma. SROC-summary receiver operating characteristic; AUCarea under the curve; Q*-the point at which sensitivity and specificity are equal. evidence of the role of CEUS for the differential diagnosis of pancreatic adenocarcinoma. With regard to the literature quality, many articles did not have sufficient information, and the QUADS item had to be evaluated as "unclear" because it was difficult to exclude the presence of biases that could influence the study results. In addition, in this paper, the publication bias cannot be excluded, although the analysis of the funnel plot indicated it should be small. In conclusion, due to the obtained results and to their noninvasive characteristics, CEUS is a promising reliable modality for the early characterization in patients with pancreatic lesions. Due to the specific features obtained during CEUS examination, the method ensures the completion of diagnosis for pancreatic mass lesions; it appears to be a useful tool in clinical practice.
